phyllosilicate deposits suggests that the Fe/Mgsmectites are stratigraphically above the Al-smectites, though the elevation difference is below MOLA resolution.
Discussion: One possible explanation for the observed sequence of phyllosilicates is that the overlying Fe/Mg-smectites represent a second pedogenic profile, forming in a younger unit deposited over an older surface that had already undergone pedogenesis. In this scenario, two separate layers of Fe/Mg-smectites bracket the Al-smectite layer, but the underlying Fe/Mg-smectites are not exposed.
We examined this hypothesis in two configurations: one in which the first pedogenic event occurred before the impact event, and a second in which the impact crater formed before both periods of pedogenesis.
In the first scenario, layers of basaltic soil are pedogenically altered when the soils are exposed to meteoric water. When the impact event occurred the crater that formed would have incorporated the pedogenically altered soils into its rim and ejecta. This sequence of events could explain the circular ring of Alphyllosilicates, but the crater would have had to be completely filled with a basaltic regolith material that was subsequently altered to account for the Fe/Mgphyllosilicates we observe inside the Al-ring.
If we then assume that this crater was completely covered by basaltic ash or sands, these materials could then have been pedogenically altered during a second period of meteoric water exposure. Erosion of this altered overlying layer would reveal the Alphyllosilicates in the underlying crater wall as a circular deposit surrounding the Fe/Mg-phyllosilicates that formed in crater fill material. However, this sequence of events would also have left behind Fe/Mgphyllosilicates that should have formed in the overlying material that was deposited (and altered) outside of the crater. Since the Coprates circular feature does not display Fe/Mg-phyllosilicates on the surface outside of the Al-phyllosilicate ring (only inside), it seems unlikely that this sequence of events is responsible for the feature we see today.
The second scenario supposes that the impact event occurred before pedogenesis. Impact-induced brecciation of the crater rim, walls and floor would facilitate preferential alteration of preexisting basaltic material. As with the previously described sequence of events, the crater would then be completely filled with sand or ash, which was altered in a second period of meteoric
2000.pdf 49th Lunar and Planetary Science Conference 2018 (LPI Contrib. No. 2083)
water fall. However, as with the previous sequence of events, this scenario would also result in Fe/Mgphyllosilicate surface deposits outside, as well as inside, the exposed Al-phyllosilicate ring.
Both models that invoke two instances of pedogenesis result in a ring of Al-phyllosilicates surrounding Fe/Mg-phyllosilicates, but also result in a surface Fe/Mg-phyllosilicate deposit surrounding the Al-ring. However, what we observe is a ring of Alphyllosilicates enclosing a circle of Fe/Mgphyllosilicates, but without the Fe/Mg-phyllosilicates surrounding the ring. An alternate model to explain the Al-ring encircling the Fe/Mg-phyllosilicates without creating exterior surface Fe/Mg-phyllosilicates, invokes groundwater rather than meteoric water.
Groundwater flowing through a sub-surface ash layer or layer of brecciated basaltic rock could result in alteration to Fe/Mg-phyllosilicates. If an impact event occurred after this alteration, the altered materials would be incorporated into the crater rim. The proposed model would then invoke complete filling of the crater with ash or sand, followed by extensive erosion of the overlying material and the crater rim, until the altered materials in the buried crater rim were exposed. Subsequent meteoric water fall would have enabled further weathering of the exposed rim to Alphyllosilicates, even if the exposure to water was only sufficient to weather the crater fill material to Fe/Mgphyllosilicates. This sequence of events would leave an Al-smectite ring surrounding a circular Fe/Mg-smectite deposit, with no regional Fe/Mg-phyllosilicates exterior to the ring.
Distinguishing between these scenarios has broad implications toward our understanding of the aqueous alteration and climate history on early Mars.
Conclusions: All of the models we present result in an aluminum phyllosilicate ring surrounding a circular iron-magnesium smectite deposit at the same topographic level, and all require multiple periods of basalt alteration to result in the observed pattern. However, those models which only invoke two (or multiple) periods of pedogenesis also result in a Fe/Mgphyllosilicate surface deposit exterior to the Alphyllosilicate ring, which is not observed. Only by invoking groundwater alteration in conjunction with pedogenesis can we reconcile the pattern of altered material exposed by this feature.
